Purpose Polycystic ovary syndrome (PCOS) is a most common endocrine disorder of reproductive age women. Interleukin-6 is involved in the pathophysiological characteristics associated with polycystic ovary syndrome (PCOS). The-174 G/C IL-6 gene promoter region single nucleotide polymorphism (SNP) may influence or modulate gene function and/or transcriptional efficiency. The current study was aimed to evaluate the association between IL-6 gene −174 G/C promoter polymorphism and Polycystic Ovary Syndrome in South Indian women.
Introduction
Polycystic ovary syndrome (PCOS) is a highly prevalent endocrine disorder that affects approximately 6-10 % of women of reproductive age [1] . It is characterized by chronic anovulation, clinical and/or biochemical hyperandrogenism, and polycystic ovary, commonly leading to infertility [2] . It is also associated with hirsutism, obesity, dyslipidemia, atherosclerosis, insulin resistance and type 2 diabetes mellitus [3] [4] [5] [6] . The observation of familial aggregation indicates heritable tendency of the PCOS, but the etiology and pathogenesis remains elusive.
Cytokines are cell-signaling protein molecules that are secreted by numerous cells, play a key role in intercellular communication. Interleukin-6 (IL-6 ) is a pleiotropic cytokine, secreted as a T-cell-derived factor by a variety of cell types including lymphocytes, monocytes, and endothelial cells [7] . It has endocrine as well as paracrine and autocrine actions implicated in several physiologic and pathologic processes including immunity and inflammation, activation of fibroblasts, mast cells, endothelial cells, monocytes and keratinocytes [8, 9] . Furthermore, it plays a pivotal role in reproductive physiology including regulation of ovarian steroid production, follicular maturation and the processes of fertilization and implantation [10] . IL-6 has also been shown to modulate ovarian development and function [11] . It can mediate the angiogenic process associated with follicle development which leads to ovarian carcinogenesis [12] .
The human IL-6 gene is located at 7p21-24 locus with an upstream promoter containing 303 bp [12] . A common G/C single nucleotide polymorphism (SNP) in the IL-6 promoter at the np −174 influences its transcription rate. Previous studies have been reported association of IL-6 -174 SNP with the development and progression of various human diseases, including hyperandrogonism, multiple myeloma, colorectal Cancer, type-2 diabetes mellitus, breast cancer, endometriosis, chronic periodontitis, alzheimer's disease, acute coronary syndrome and coronary heart disease [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Few scientific groups have also been investigated the prevalence of IL-6 -174G/C SNP in PCOS in Turkish and Caucasian population, however no reports are documented in Indian population [24, 25] . In the present study, for the first time we report the association between IL-6 -174G/C SNP and risk of developing PCOS in South Indian women.
Material and methods

Subjects
One hundred and four women of reproductive age with PCOS and one hundred and fifty six healthy women were recruited at the infertility institute and research centre (IIRC), Secundrabad, India. Patients were selected as per the Rotterdam consensus criteria to diagnose PCOS [26] . All subjects (PCOS and controls) were nonpregnant, non-smokers, normotensive. The body mass index (BMI) was below 25 in control subjects and was up to 26 in the cases. BMI was calculated as body weight (kg) divided by body height squared (m 2 ). The characteristics of PCOS women and controls were summarized in Table 1 . All the participants included in study were of South Indian origin (Dravidian linguistic group).
Cases
Criteria for the diagnosis of PCOS included oligoovulation (cycles longer than 35 days or less than 26 days 1 , elevated free testosterone levels (0.5 ng/dl; the cut-off level for free testosterone level was the mean ±2 SD according to normal levels in controls), oligomenorrhea or amenorrhea. Ferriman-Gallway (FG) score of ≥7 was used to determine hirsutism. In accordance with the above criteria poly cystic ovary (PCO) morphology was determined by transvaginal ultrasonography (TVS), which defines PCOS as the presence of 12 or more small (2 to 9 mm) follicles in each ovary. Women with other causes of hyperandrogonism such as hyperprolactinemia, androgen-secreting tumors, Cushing syndrome and non classic congenital hyperplasia, because of causes other than PCOS were excluded from this study.
Controls
Control subjects no signs of menstrual dysfunction had androgen levels within normal range, normal glucose tolerance, and no family history of type 2 diabetis mellitus, hirsutism, and infertility. Blood samples were collected, and plasma was removed followed by storage at −20°C until analysis was performed.
Informed written consent form was obtained from all subjects prior to participation in this study. The study was approved by ethical committee and review Board of centre for cellular and molecular biology (CCMB), Hyderabad.
DNA extraction
Genomic DNA was extracted from 1 mL of EDTA anticoagulated whole blood by the method described earlier [27] . Both cases and controls were genotyped in a randomized, blinded fashion. Determination of the IL-6 genotype
The genotypes of IL-6 -174 G/C SNP (NCBI SNP CLUSTER ID: rs1800795) were analyzed by polymerase chain reaction (PCR) and sequencing analysis as per the protocols described earlier [28] . PCRs were performed in a total volume of 25 μl containing 50 ng genomic DNA, 2 to 6 pmol of each primer, 1X Taq polymerase buffer (1.5 mM MgCl 2 ), and 0.25 U of Amplitaq DNA polymerase (Perkin Elmer, Foster City, CA). Primers were designed by using primer3plus software (http:// primer3plus.com/cgi-bin/dev/primer3plus.cgi). Primer characteristics were included in the supplementary Table 1 .
The primers used were 5′-TGACTTCAGCTTTACTCTTGT-3′ (forward), and 5′-CTGATTGGAAACCTTATTAAG-3′ (reverse). PCR amplification was performed in a programmable thermal cycler gradient PCR system (Eppendorf AG, Hamburg, Germany). The PCR amplification was performed for 35 cycles (denaturation at 94°C for 1 min, annealing at 55°C for 1 min, extension at 72°C for 1 min, and final extension for 10 min at 72°C). Beta-2 micro globulin gene was used as a housekeeping gene in PCR amplification. The PCR product of 198 bp was analyzed by 1.5 % agarose gel stained with ethidium bromide and then sequenced with a Taq-Dye deoxy-terminator cycle sequencing kit (Applied BioSystems, Foster City, USA) using an automated ABI 3770 DNA sequencer (Applied BioSystems, Foster City, USA). Genotype calling was performed using Chromas V.2 software (Technelysium Ltd., Australia).
Statistical analysis
The odds ratio and 95 % confidence interval (CI) values were calculated accordingly. For statistical analysis, we carried out the statistical package for social sciences version 11.0 (SPSS, Inc, Chicago, IL). 'p' values<0.05 were considered as statistically significant. Differences between genotype distribution and allele frequency were tested by Fisher's exact test. The genotype distribution among subjects was tested for HardyWeinberg equilibrium (HWE) using Fisher's exact test.
Results
In the present study, IL-6 polymorphisms were analyzed in 104 women with PCOS and 156 unrelated non pregnant healthy controls. The mean age of PCOS women was 26.35±3.8. Patient and control groups were matched for age 20-38. Table 1 summarizes the clinical and laboratory characteristics of controls and PCOS women. All subjects (n = 260) were successfully genotyped. Amongst both cases and controls, the genotype distributions as well as allele frequencies were in Hardy-Weinberg equilibrium (p >0.05). Sequence analysis of the 198 bp product of the IL-6 -174G/C promoter region SNP were shown in Fig. 1 . The G/G and C/C homozygotes manifested as a single peak, whereas the heterozygote G/C as a double peak.
Genotyping of IL-6 -174G/C Promoter polymorphism
The genotype distribution and allele frequencies are summarized in Table 3 . The genotype frequencies among the 104 cases and 156 controls were G/G 66.3 % and 49.4 %, G/C 29.8 % and 46.8 %, and C/C 3.8 % and 3.8 %. The 'G' and 'C' allele Table 3 ). The allele frequency also showed similar trend indicating that 'G' allele might confer risk to PCOS and 'C' allele offer protection against the disease.
Genotyping of other SNPs of IL-6 gene promoter
In addition to the IL-6 -174G/C promoter polymorphism, we also genotyped five other SNPs present in IL-6 gene promoter (Table 2 ). However, we could not observe any of them.
Discussion
SNPs are common DNA sequence variations among individuals that play a significant role in development of several human diseases. SNPs particularly in gene promoters and protein coding regions may modulate gene function and/or transcriptional efficiency. The association between IL-6 -174G/C polymorphism and the risk of developing various diseases has been investigated by different scientific groups with inconsistent results. Some studies showed association and some no association [8, 19, 29, 30] .
In the present study, we found that the frequency of 'G' allele was significantly higher in PCOS patients than unaffected controls from the same population (Table 3 ). In addition, genotype frequency of the G/G was also significantly higher in PCOS patients (p =0.02). Thus, our results indicate IL-6 as a candidate gene for PCOS. However, earlier studies showed inconsistent results ( Table 4) . One of the previous study have demonstrated no statistical significant association between IL-6 -174G/C polymorphism and PCOS risk which is not in agreement with the present result [25] . This disagreement may be due to differences in ethnicity, genetic variants and epigenetic environmental factors among populations ( Table 4) .
The -174G/C SNP is located in the IL-6 promoter which is known to influence expression of the gene. Previous transient transfection studies revealed stronger expression for 'G' allele compared to 'C ' in response to stimuli such as lipopolysaccaride and IL-1 [31, 32] . Several transcription factors, including activator protein-1 (AP-1), nuclear factor kappaB (NF-κB) and cyclic adenosine monophosphate (cAMP) response element binding protein (CREB), contribute to the regulation of IL-6 in vivo [33] . The -174G/C SNP maps to a negative regulatory domain (−225 bp to −164 bp) which is closer to the cAMP-responsive element (CRE). Furthermore, this SNP is contained within a sequence, bearing partial nucleotide homology with the Smad4 binding element and the presence of the 'C ' allele may bind Smad4 more effectively and thereby inhibit IL-6 transcription [34] . Furthermore, elevated levels of IL-6 have been reported in the serum of PCOS patients [35] . IL-6 is produced by various types of lymphoid and nonlymphoid cells, such as T cells, B cells, monocytes, fibroblasts, keratinocytes, endothelial cells, mesangium cells and several tumor cells [36] . In addition, IL-6 is also produced by granulosa and thecal cells of ovary, with a potential role in the autocrine and/or paracrine regulation of ovarian function [37] . IL-6 is thought to be capable of directly influencing follicle stimulating hormone (FSH) stimulated progesterone production by granulosa cells in vitro [38] . Moreover, IL-6 appears to mediate the angiogenic process associated with follicle development [12] .
PCOS is considered to be a multifactorial disease with a characteristic of chronic inflammation [39] . However, contradictory observations have been reported regarding concentrations of pro-inflammatory cytokines such as IL-6 in serum of PCOS patients [40] . Although, we did not measure the levels of IL-6 in the present study, it is noteworthy that earlier investigations have reported association of the homozygous 'CC ' genotype with higher serum IL-6 levels in contrast to studies indicating higher levels for the 'GG ' genotype [31, 32, 41, 42] . It appears that transcriptional control of IL-6 is multifaceted and it is determined by a combination of base alterations at several sites rather than by an isolated SNP [43] . Furthermore, it is unclear whether the variation in cytokine levels is a cause or a consequence of the disease.
Our results draw preliminary conclusions due to relatively small sample size. However, there is a necessitate for further larger-scale study including other loci of the IL-6 gene to confirm our findings, and to fully examine the possible relationship between IL-6 gene polymorphisms.
In summary, based on our results, the present study concludes significant association between IL-6 -174G/C polymorphism and PCOS in South Indian women. There was significant increase of G/G genotype frequency in patients as compared to controls and the allele frequency also showed similar trend representing that 'G ' allele might confer risk and 'C ' allele offer protection against the disease. We propose that IL-6 may be regarded as a candidate gene for PCOS. To the best of our knowledge, this is the first study regarding the association between IL-6 -174G/C polymorphism and PCOS susceptibility in Indian women.
